digested, for the flesh of fishes which had been caught by means of the seed was nearly as poisonous as the seed itself, and from the effects produced, he was inclined to place it amongst the vegetable irritants. The physiological action of cocculus indicus, and of picrotoxin, was subsequently investigated by Orfila, Glover, Falck, and others, and they all agree in their description of the effects produced. The animal exhibited violent general spasms, both emprosthotonic and opisthotonic; the extremities were affected, the muscles of the face were much distorted, the teeth gnashed, and there were rotatory and retrogressive movements. Some animals salivated copiously, while upon others the poison acted as a powerful emetic. Eespiration was at first much increased, but it diminished rapidly during the spasms; the motion of the heart was slow and irregular.
Frogs swelled up to an immense size, then they suddenly collapsed and emitted a peculiar long drawn cry. From these and similar features, Glover inferred that picrotoxin acts as a narcotic upon the spinal marrow, though not so powerfully as coniine or aconitine, and Falck concluded that it acts on the central organ of the nervous system, on the vasomotor nerves of the blood-vessels, and upon the mucous membranes and glands, particularly the salivary. Between picrotoxin and strychnine, with which in its action it has been often identified, there is a sharp distinction to be made, which is all the more striking that the action of picrotoxin not only does not increase the reflex susceptibity of the spinal marrow, but even extinguishes it for a time altogether.
As from these experiments it appears that the ganglionic elements of the medulla oblongata are acted upon, it was reasonable to think that various important centres in it would be irritated. If, for example, the ends of the vagus were excited, this would explain the alteration both of the respiration and of the heart. The author accordingly made a series of comparisons with an intact frog, and one in which both the vagi were cut. In the former the heart was exposed, its rate counted, and then 1 cc. of the solution inj ected. In seven or eight minutes the left lung was greatly inflated, and in 10 minutes more pushed the heart quite to one side. The right lung then commenced to enlarge, and in half-an-hour after administration of the poison was the first attack of opisthotonos, during which the heart stopped. The cramps followed with increased violence, and continued longer; both lungs were enormously distended, and the heart had fallen from 40 to 44 pulsations per minute to from 27 to 30. One hour and 40 minutes after the injection the lungs collapsed. Emprosthotonos continued, the heart was much enlarged, and was still beating at the rate of 27 to 29. A similar trial made with another frog in which the vagi were cut, showed that while the cramps occurred in the same order and as violently as in the former case, the lungs remained quite lax and uninflated. The heart was, however, somewhat slower, but even in the midst of the most violent spasms there was not the slightest stoppage in its beatings. The author, therefore, considers the correctness of his view established which ascribes to irritation of the vagus centres in the medulla oblongata the retardation of the motions both of the heart and of the respiration. The swelling of the frog arises from surcharge of the lungs with air rather than from hindrance of the respiration, and the collapse is due to the sudden escape of this air, the sound being caused by its breaking through some obstacle.
As the heart was perceptibly retarded soon after severing the vagus, the question remained, is the irritation of the medulla oblongata sufficient to explain it completely. The author accordingly paralysed the vagus centres in the heart by injecting 1 cc. of a nicotine solution under the skin of the thigh. The nicotine spasms ensued, but the heart soon recovered, and beat as before. Picrotoxin was then introduced, when the heart continued to beat during very violent tetanic spasms, and it was not till a full hour after the injection that a slight but distinct retardation was perceptible. Two days later the frog was still alive, and suffering from cramps, but now the heart was much slower, indicating that while the action of the nicotine upon the vagus was passing away, that of the picrotoxin continued. observations, that picrotoxin produces a powerful and longcontinued irritation of the ganglionic elements chiefly, perhaps exclusively, in the medulla oblongata. This explains the general cramps, the retardation and stoppage of the heart, the acceleration and intensifying of the respiratory motions, the spasms of the glottis, and the temporary loss of reflex susceptibility, in short, all the symptoms of poisoning, while by direct action of the poison on the heart the retardation of its movement is increased.
To confirm and elucidate the foregoing experiments, the author tried the effect of picrotoxin upon rabbits, the results which he got agreeing completely with those recorded by Falck. There was increase in the frequency of respiration ; opisthotonos followed, which passed into clonic cramps in the extremities and muscles of the jaws, and suddenly death in consequence of respiratory spasms ; but it remains undecided whether these spasms are due as in the frog to irritation of the medulla oblongata or of a higher part of the brain. It appears more certain from the experiments detailed in this paper, that the retardation of the heart is due mainly to irritation of the vagus centre in the medulla oblongata, for as soon as the vagi are cut, the pulse beats more rapidly. But, as in the previous case, there is a special action on the heart, for after the vagi are cut, the rate does not rise to what it was at the beginning of the experiment. Nicotine and curarine were, as before, employed to paralyse the heart, and then it was found that there was no rise as when the vagi are cut; but that, instead, a hastened diminution of the pulse went on, so that the direct action of the poison on the heart has nothing to do with irritation of the vagus terminations, but rather indicates injury to the musculo-motor system, as in frogs. If strychnine be present as well as picrotoxin, it will be found in the brownish red acid syrup remaining from the beer, and can be extracted by its special methods.
